Adverse food reactions are generally classified as food allergy and food intolerance.[@b1-asm-6-386] Whereas food allergy is typically mediated by IgE antibodies, food intolerance is mediated by IgG class of antibodies.[@b2-asm-6-386]--[@b4-asm-6-386] The prevalence of food intolerance is believed to be 5--20% of the general population; however, the true prevalence of food intolerance remains unknown due to insufficient data.[@b5-asm-6-386] IgG-mediated food intolerance is believed to be caused by increased gut permeability, which permits food substances to gain access to the circulation and trigger food specific IgG production.[@b3-asm-6-386] Increased production of food specific IgG antibodies coupled with decreased production of anti-inflammatory cytokines such as IL-10 and TGFβ1 have been implicated in irritable bowel syndrome.[@b6-asm-6-386]

Despite conflicting reports, IgG-mediated food intolerance has been associated with a wide range of specific and non-specific symptomatology. It has been implicated in symptoms associated with allergy such as rashes, urticaria and asthma.[@b2-asm-6-386],[@b7-asm-6-386],[@b8-asm-6-386] Gastrointestinal symptoms suggestive of irritable bowel syndrome including abdominal cramps, diarrhea and constipation are frequently observed in patients with IgG-mediated food intolerance.[@b2-asm-6-386],[@b9-asm-6-386] Similarly, a strong association between neurological manifestations such as migraine and IgG-mediated food intolerance has also been reported.[@b5-asm-6-386],[@b10-asm-6-386] Recently, in follow-up studies, food intolerance has been linked with disorders such as atherosclerosis and asthma. Prohibiting ingestion of incriminating food that patients were intolerant to resulted in significant improvement in symptom scores.[@b8-asm-6-386],[@b9-asm-6-386],[@b11-asm-6-386],[@b12-asm-6-386] Most common non-specific symptoms such as chronic fatigue and hair loss have also been associated with IgG-mediated food intolerance.[@b3-asm-6-386],[@b5-asm-6-386],[@b7-asm-6-386]

Patients clinically presenting with allergic symptoms are usually investigated for the presence of specific IgE antibodies that may not be present among a subgroup of patients presenting with allergic symptoms due to food intolerance. These symptoms, however, take time to manifest since the formation of IgG takes days to months.[@b9-asm-6-386] As a result, this group of patients may not only remain undiagnosed, but also continue to suffer from significant preventable morbidity associated with a considerable financial burden on both patients and healthcare resources.[@b9-asm-6-386],[@b13-asm-6-386],[@b14-asm-6-386] This study was performed to investigate the presence of food specific IgG antibodies among patients clinically presenting with allergic symptoms with undetectable food specific IgE antibodies.

METHODS
=======

This descriptive retrospective cross-sectional study was performed in the Allergy Clinic at King Khalid University Hospital (KKUH), Riyadh, Saudi Arabia between 2014 and 2015. Data were extracted from the records of all patients who presented with clinical signs and symptoms of allergy with no laboratory evidence of allergy. These patients were offered microarray testing because of the lack of evidence of IgE-mediated allergic symptoms. Patients who tested positive for the allergy skin prick test or had elevated levels of specific IgE antibodies in blood detected by the radioallergosorbent test (RAST) were excluded from the study. In addition patients suffering from non-allergic disorders such as celiac disease, food intolerance due to enzyme deficiencies or known cases of inflammatory bowel disease were also excluded. Along with demographic details, results of microarray test were extracted from the patient's medical records. This study was approved by Institutional Review Board of the College of Medicine, King Saud University, Riyadh.

Microarray for food specific IgG antibodies
-------------------------------------------

Food-specific IgG antibodies were detected using a microarray test (Genarrayt, Omega Diagnostics Group, Scotland, United Kingdom) that measures IgG levels against 223 food substances using a single blood sample. This microarray testing procedure involved incubation of the patient serum sample for 30 minutes at room temperature on a glass microscope slide containing a microarray of 223 food extracts. After this primary incubation, the slide was washed to remove unbound proteins. Following this anti-human IgG conjugated to horseradish peroxidase was added to the slide and incubated for another 30 minutes at room temperature. The slide was washed again to remove the unbound conjugate. After washing 3,3′,5′,5′-tetramethybenzidine (TMB) substrate was added to detect specific antibody binding. A third incubation was performed for 10 minutes and then the slide was washed with distilled water. Finally, the slides were centrifuged and scanned by a high-resolution flatbed scanner associated with computer software that interprets the optical densities of the samples. IgG levels less than 30 U/mL were considered negative, whereas levels either equal to or more than 30 U/mL were considered positive. Values of food specific IgG antibodies either equal to or more than 30 U/mL were included in the study.

Statistical analysis
--------------------

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) software version 21.0 (IBM, New York, United States). Descriptive statistics were performed for determination of proportions and Pearson's chi-square test was used for comparison of data for age and gender differences. A *P*\<.05 was considered statistically significant.

RESULTS
=======

The study population of 71 patients presenting with symptoms of allergy included 49 females and 22 males with the mean (SD) age of 38.8 (16.0) years (range 6 to 80 years). The most frequent manifestation was urticaria (85.7%) followed by asthma (11.4%) and rhinitis (2.9%). **Appendices 1, 2 and 3** describe the list of allergens tested by skin prick test and RAST test, respectively (see at *[www.annsaudimed.net](www.annsaudimed.net)*). Online appendix contains the list of all the food substances tested by microarray assay. [Figure 1](#f1-asm-6-386){ref-type="fig"} shows data for the distribution of food specific IgG antibodies among the patients clinically presenting with allergic symptoms. The most frequent food specific IgG antibodies detected among the patients were against cola nut in 80.3% of patients followed by yeast (brewer's) in 78.9%, wheat in 77.5%, red kidney bean in 71.8%, pea in 63.4%, corn in 62.0%, egg white in 62.0%, barley in 57.7%, pistachio in 56.3%, cow's milk in 56.3% and gliadin in 50.7% of the patients.

To investigate the gender differences food-specific IgG antibodies found in 50% or more number of patients were selected for analysis. [Table 1](#t1-asm-6-386){ref-type="table"} compares data of male and female patients harboring food specific IgG antibodies against 11 food substances found in 50% or higher proportion of patients. Females consistently and significantly had higher levels of food-specific IgGs for all the food substances when compared with the male patients. However, the most significant differences were noted for wheat (male vs. female: 25.5% vs. 74.5%; *P*≤.0001), corn (male vs. female: 22.7% vs. 77.3%; *P*≤.0001) and cola nut (male vs. female: 28.1% vs. 71.9%; *P*≤.001). [Table 2](#t2-asm-6-386){ref-type="table"} compares food-specific IgGs between two groups: aged 20--39 and 40--80 years old patients to assess the effect of age on IgG-mediated food intolerance. Among the 11 most prevalent food-specific IgGs tested the 20--39 years old group had significantly higher food-specific IgGs against gliadin (76.7% vs. 23.3%; *P*\<.003) followed by egg white (68.6% vs. 31.4%; *P*\<.03) and barley (65.8% vs. 34.2%; *P*\<.05) when compared with the 40--80 year old group of patients presenting with symptoms of allergy.

DISCUSSION
==========

Of 223 food substances tested, food specific IgG against cola nut (80.3%), brewer's yeast (78.9%) and wheat (77.5%) were the most prevalent among the patients clinically presenting with allergic symptoms lacking laboratory evidence of allergy. Data on the prevalence of food specific IgG antibodies among allergic patients are scarce. A study investigating the presence of food specific IgG antibodies among patients suffering from urticaria, asthma, rhinitis and atopic eczema has reported higher prevalence of specific IgGs against egg (77.8%), milk (62%) and casein (57.8%).[@b15-asm-6-386] Similarly among patients suffering from asthma specific IgG antibodies against cow's milk (56%), tiger nut (48%) and casein (48%) were found to be the most frequently occurring antibodies.[@b8-asm-6-386] Collectively these data suggest that food specific IgG may have some association with allergic symptoms, but the pattern of most common food specific IgG frequently observed may vary in different populations.

The relationship between harboring high levels of food specific IgG and the development of asthma does not appear to be casual. A study investigating development of asthma in children under five years of age has shown that a high level of egg-specific IgG antibodies is a better predictor of having asthma compared with IgE levels with a sensitivity of 64%.[@b16-asm-6-386] Although 62% of the patients in the present study had egg-specific IgG antibodies it is difficult to compare the results of the present study with the previous study as the majority of patients in the current study were suffering from urticaria and not asthma.

Similarly, cola nut specific IgG antibodies were present in the majority of the patients suffering from allergic disorder in the present study. The low prevalence of specific IgG antibodies against cola nut (4.9%) reported among patients suffering from migraine suggests that prevalence of frequently occurring food specific IgG antibodies may vary in different disorders.[@b17-asm-6-386] Furthermore modified food materials tend to support production of higher amounts of food specific IgG, IgM, IgA and IgE antibodies compared to raw food materials.[@b18-asm-6-386] Cola nut, extensively used as a flavoring agent in beverages after having been processed, could have possibly triggered higher amounts of cola nut specific IgG antibody production observed in the present study. It is highly likely that differences in cultural and dietary habits in different parts of the world contribute to variations in the global prevalence rates of food specific IgG antibodies.

The results of this study revealed that food intolerance is significantly more common in females than in males. These observations are similar to a study from China documenting a higher concentration of food specific IgG in females compared to males for 12 out of 14 food substances.[@b1-asm-6-386] Similarly, higher levels of food-specific IgG levels among females compared to males for 10 out of 11 food materials have also been reported.[@b19-asm-6-386] In addition female gender has also been linked with an increased likelihood of suffering from hypersensitivity reactions.[@b20-asm-6-386] Although it is difficult to explain female preponderance for food specific IgG antibodies, female sex steroids are known for exerting a strong pro-inflammatory effect for induction of allergies.[@b21-asm-6-386] Despite a number of studies supporting female predilection for developing food intolerance, there is evidence suggesting that there are no gender differences in development of IgG-mediated food intolerance.[@b22-asm-6-386] Findings of the present study are however consistent with majority of previously published reports indicating a higher predisposition of the female gender for food intolerance.

Comparison of patients aged between 20--39 and 40--60 years of age revealed that the younger age group had higher levels of egg white and gliadin specific IgG among the 11 most frequently occurring food specific IgG in the present study. A similar comparison between younger and older age groups has been described previously where the younger age group was found to harbor higher levels of egg-specific IgG antibodies compared with the older age group.[@b1-asm-6-386] Patients suffering from food intolerance may have increased gut permeability that allows food macromolecules to gain access to the circulation resulting in the formation food specific IgG antibodies.[@b23-asm-6-386] Maturation of intestinal mucosa with increasing age may influence food intolerance resulting in differential immune responses to egg and gliadin specific IgG antibodies. Additionally, food specific IgG antibodies tend to have a negative correlation with increasing age that could also contribute to the observed differences between the younger and the older patients.[@b24-asm-6-386] Anti-gliadin antibodies are frequently associated with celiac disease and are found in a vast majority of patients suffering from celiac disease. Exposure to gliadin among the younger population may predispose to the development of celiac disease in this subgroup of patients.[@b3-asm-6-386]

In conclusion, cola nut, yeast (brewer's) and wheat were the most common food substances implicated in food intolerances among patients presenting with allergy symptoms in the current study. The results also revealed that females are more likely to have "leaky guts" predisposing them to the development of food intolerance than males. In addition, younger age was associated with a higher predisposition for IgG-mediated food intolerance particularly to egg white and gliadin. The results of this study do not reflect the status of food intolerance among the general population of Saudi Arabia as it was conducted only in one center in Riyadh. Large-scale follow up studies are recommended to assess the effects of food elimination diet on symptom scores. In addition, it would be of interest to assess the prevalence of food specific IgG antibodies in an otherwise asymptomatic normal healthy population to establish local reference ranges for various food materials.
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###### 

Genders differences for food specific IgG among patients clinically presenting with allergy-like symptoms.

  Food substance      Males       Females     *P* value
  ------------------- ----------- ----------- -----------
  Cola Nut            16 (28.1)   41 (71.9)   .001
  Yeast (Brewer's)    17 (30.4)   39 (69.6)   .003
  Wheat               14 (25.5)   41 (74.5)   .0001
  Bean (Red kidney)   15 (29.4)   36 (70.6)   .003
  Pea                 14 (31.1)   31 (68.9)   .01
  Corn (Maize)        10 (22.7)   34 (77.3)   .0001
  Egg white           14 (31.8)   30 (68.2)   .02
  Barley              13 (31.7)   28 (68.3)   .02
  Pistachio           12 (30)     28 (70)     .01
  Cow's milk          12 (30)     28 (70)     .01
  Gliadin             11 (30.6)   25 (69.4)   .02

Values are n (%).

###### 

Comparison of food specific IgG between different age groups of patients clinically presenting with allergic symptoms.

  Food substance      Age 20--39 Years Number (%)   Age 40--80 Years Number (%)   *P* value
  ------------------- ----------------------------- ----------------------------- -----------
  Cola Nut            31 (62)                       19 (38)                       .09
  Yeast (Brewer's)    31 (63.3)                     18 (36.7)                     .06
  Wheat               30 (61.2)                     19 (38.8)                     .11
  Bean (Red kidney)   25 (58.1)                     18 (41.9)                     .29
  Pea                 24 (63.2)                     14 (36.8)                     .11
  Corn (Maize)        23 (60.5)                     15 (39.5)                     .19
  Egg white           24 (68.6)                     11 (31.4)                     .03
  Barley              25 (65.8)                     13 (34.2)                     .05
  Pistachio           22 (64.7)                     12 (35.3)                     .09
  Cow's milk          22 (64.7)                     12 (35.3)                     .09
  Gliadin             23 (76.7)                     7 (23.3)                      .003

Values are n (%).
